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"A  MICROPROCESSOR  SUBSYSTEM  FOR  AUTOMATIC  TESTING" 

INTRODUCTION 

This  research  results  from  the  1975  Summer  Laboratory  Research 
Cooperative  Program  (LRCP)  conducted  at  the  U.  S.  Army  Missile  Command, 
Redstone  Arsenal,  Alabama.  (Task  Order  75-232)  The  Task  Order  was 
concerned  with  investigating  the  feasibility  of  developing  a micro- 
processor that  would  perform  arithmetic  and  logic  functions  not  being 
performed  within  the  Land  Combat  Support  System  (LCSS)  automated  test 
equipment.  This  additional  capability  will  enhance  many  of  the  measure- 
ment administrative  functions  currently  being  done  by  analog  techniques. 
Furthermore,  the  speed  of  execution  of  the  punched  tape  program  used 
with  various  Units  Under  Test  (UUT)  would  be  enhanced.  A microprocessor 
system  would  also  provide  an  excellent  opportunity  for  operator  designed 
programs  for  "debug"  and  software  maintenance.  The  following  block 
diagram,  Figure  1,  indicates  the  current  relationship  of  the  micro- 
processor subsystem  relative  to  the  LCSS. 


Microprocessor 


FIGURE  I — Microprocessor 
Interface 


Output 


TECHNICAL  OBJECTIVES 


The  research  effort  has  progressed  in  four  parts: 

1.  Study  existing  and  projected  measurement  requirements 
of  the  LCSS  relative  to  a resident  microprocessor. 

2.  Design  and  fabricate  a microprocessor  system  capable 
of  controlling  the  administrative  and  logic  functions 
of  the  LCSS. 

3.  Develop  corresponding  software  subroutines  to  support 
item  2 above. 

4.  Interface  the  microprocessor  and  perform  functional  testing. 
ACCOMPLISHED  RESEARCH 

This  research  can  be  adequately  described  in  two  categories  - 
hardware  and  software.  The  hardware  portion  of  this  Report  relates 
that  effort  of  providing  diagrams,  descriptions,  and  prototype  models 
necessary  to  execute  the  program  as  specified  by  the  user.  The  soft- 
ware that  i9  provided  compliments  the  hardware  and  provides  the  execution 
of  logic  and  arithmetic  functions  under  program  control.  These  large 
categories  will  be  discussed  in  detail. 

HARDWARE 

The  microprocessor  integrated  circuit  is  a logic  device  capable 
of  providing  addition,  subtraction,  shifting,  transfers,  and  so  on. 

This  powerful  device  is  supported  by  additional  microcomputer  elements 
such  as  Read  Only  Memory,  ROM,  Random  Access  Memory,  RAM,  and  Peripheral 
Interface  Adapter,  PIA,  circuit  chips.  The  first  problem  in  this  re- 
search was  to  develop  a working  microprocessor  system  so  that  suitable 
software  could  be  developed.  This  was  no  easy  task.  At  least  75%  of 
the  total  time  during  the  research  period  was  devoted  to  this  effort. 

This  developmental  microprocessor  is  shown  in  Figure  2.  As  can  be  seen, 
certain  control  inputs  are  provided  on  the  front  panel  — Reset,  Non- 
maskable Interrupt,  (NMI),  Halt,  and  so  on.  An  Address  and  Data  Register 
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Figure  2 Developmental  Microprocessor 
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display  Is  provided  for  single  step  operation.  The  bulk  of  the  system 
resides  in  the  printed  circuit  card  frame  located  in  the  bottom  portion 
of  the  cabinet.  Each  printed  circuit  board  card  supports  the  micro- 
processor in  some  fashion  — Interface,  Control,  Memory,  etc. 

The  input  and  output  devices  for  this  project  were  limited 
to 

1.  Teletype 

2.  High  speed  paper  tape  reader 

3.  Video  displayed  administrative  text 

4.  A microprocessor  simulator  (KIM-1A  Microprocessor) 

Since  the  results  of  this  research  were  to  provide  information 
leading  to  the  production  of  a microcomputer  to  be  used  with  the  LCSS , 
the  computer  components  would  be  fabricated  using  printed  circuit  boards. 
The  printed  circuit  boards  would  provide  a modular  approach  to  expansion 
and  addition  of  peripheral  interface  circuits.  All  circuit  diagrams  in 
this  Report  have  been  placed  in  the  U.  S.  Army  Missile  Command  System 
of  Drawing,  Redstone  Arsenal,  Alabama.  Figure  3 (PC  Number  200035-4A) 
illustrates  the  completed  design  of  the  microprocessor,  the  micro- 
processor RAM  stack,  the  MPU  Clock,  the  MIKBUG  operating  ROM  chip  and 
the  necessary  input  control  circuitry  (drawing  number  18876-200035) . 

The  44-pin  connector  provides  transfer  of  signals  to  the  bus  structure 
located  on  the  card  rack  back  plane.  The  address  of  the  MIKBUG  operating 
ROM  (MCM6830L7)  is  located  at  E000  (a  hexadecimal  notation).  The  RAM 
stack  (MCM6810L)  is  located  at  address  A000  (Hex).  Both  of  these 
address  locations  are  specified  by  the  MIKBUG  operating  system.  The 
opearting  system  provides  the  necessary  software  subroutines  for  loading 
the  microprocessor,  interagating  and  changing  memory,  printing  the 
contents  of  the  MPU,  and  executing  the  users  program.  These  operating 
subroutines  are  discussed  adequately  in  Motorola  Application  note  100  [1]. 

The  basic  interface  circuit  is  the  teletype  peripheral  adapter 
card  shown  in  Figure  4.  This  circuit  board  was  developed  to  interface 
a standard  TTY  current  loop  or  a RC-232  standard  bus  connection.  This 
card  contains  optical  isolators  and  the  rate  generator  necessary  for 
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a variety  of  band  rate  data  transfers.  The  drawing  number  for  this 
circuit  board  is  18876-200030.  The  output  connection  to  the  teletype 
is  made  on  a second  44-pin  connecter  (located  on  the  right  side  of 
Figure  4) . 

A general  interface  circuit  board  for  interfacing  control 
circuits  was  developed  as  shown  in  Figure  5.  The  address  and  data 
lines  are  brought  onto  the  board.  Additional  space  is  provided  for 
custom  wiring  as  the  interface  situation  would  dictate.  The  I/O 
connections  are  made  on  a second  44-pin  connector.  The  peripheral 
interface  adapter  integrated  circuit  is  capable  of  providing  16  inputs 
or  outputs  or  combinations  of  these  with  4 control  input-output  lines 
capable  of  interrupting  the  microprocessor.  More  detailed  specifications 
on  the  integrated  circuits  can  be  found  in  the  "Systems  Reference  and 
Data  Sheets,"  [2].  The  drawing  number  for  this  board  is  18876-200036. 

The  microprocessor  operation  is  directly  rlated  to  memory  - both 
in  the  ROM  and  RAM.  To  support  this  effort  two  printed  circuit  boards 
were  developed.  The  Read  Only  Memory,  ROM,  board  is  shown  in  Figure  6 
and  is  capable  of  holding  IK  x 8 bit  bytes  programmable  memory.  The 
INTEL  1702A  integrated  circuit  was  found  suitable  for  this  purpose. 

This  circuit  board  contains  4 1702A  chips  and  space  for  the  addition  of 
NAND  gates  for  chip  selection  and  decoding.  The  drawing  number  for  this 
board  is  18876-200032.  The  Random  Access  Board  RAM,  is  shown  in  Figure 
7.  The  corresponding  drawing  and  diagram  is  18876-200017.  The  RAM 
memory  card  contains  IK  by  8 bit  bytes.  In  addition,  the  addressing  is 
in  the  form  of  a card  select  in  IK  blocks.  Additional  memory  is  added 
simply  by  selecting  another  memory  card.  During  software  development, 
a considerable  amount  of  RAM  may  be  required  to  execute  the  program. 

As  subroutines  become  finalized  RAM  is  replaced  with  ROM  in  IK  bytes. 

PRESENT  COMPUTER  ARCHITECTURE 

Figure  8 shows  the  memory  map  for  the  current  system.  The 
system  concept  is  for  modifiable  memory  (read-write  random  access 
memory,  RAM),  to  start  at  address  0000  and  expand  upwards  in  address 
as  needed  in  the  application.  Conversely,  the  control  system  which  is 
in  some  form  of  permanent  memory  (PROM  or  ROM),  should  be  placed  towards 
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Figure  5 Input/Output  Interface  Card 
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the  top  of  memory  FFFF  and  expand  downwards.  This  concept  is  slightly 
modified  when  using  the  Motorola  software  product  MIKBUG  but  when  the 
actual  operating  system  is  in  use  the  concept  will  be  more  accurately 
instigated.  The  input/output  (I/O)  devices  are  placed  in  memory  starting 
at  address  8000  and  extending  upwards  in  memory  as  needed.  The  MIKBUG 
operating  system  requires  the  parallel  I/O  device  located  at  8004  and 
all  other  I/O  devices  shown  are  application  oriented.  The  system  boards 
which  are  used  in  constructing  this  system  and  described  elsewhere  in 
this  report  were  designed  around  this  concept.  A new  operating  system, 
GBUG,  described  in  this  report  also  follows  this  design. 


SUPPORT  CAPABILITY  WHEN  USING  MOTOROLA  MIKBUG  OPERATING  SYSTEM 

The  basic  functions  of  the  Motorola  product,  MIKBUG,  are  docu- 
mented in  their  Engineering  Report  100  "MCM6830L7  MIKBUG/MINIBUG  ROM". 
Summarizing,  MIKBUG  takes  care  of  interrupt  handling  and  has  the  minimal 
necessary  commands  for  program  debug  on  the  system.  It  has  commands 
which  allow  for  loading  and  punching  a paper  tape,  examining  and  ex- 
changing memory,  examination  of  registers  and  going  to  the  user  program. 
These  commands,  while  enough  for  operation,  limit  the  program  developer 
and  require  a great  deal  of  time  spent  in  familiarization  before  effective 
use  of  these  commands  is  possible.  For  these  reasons,  a new  operating 
system  GBUG  has  been  developed  and  will  be  discussed  later  in  this  report. 

Besides  the  basic  functions  described  above  and  documented 
in  the  Motorola  literature,  MIKBUG  has  several  other  useful  support 
routines.  In  the  following  paragraphs,  these  will  be  discussed  with 
the  assembly  language  commands  necessary  to  use  the  routines. 

The  first  of  these  routines  outputs  a "?"  to  the  system  tele- 
typewriter and  then  proceeds  to  the  MIKBUG  control  loop.  This  routine 
can  be  used  to  handle  any  illegal  condition  in  a user  program.  To  use 
this  routine  the  following  code  should  be  inserted  in  the  program  at  the 
point  where  one  wishes  to  go  to  the  routine: 


JMP  $E040 


The  dollar  sign  specifies  that  the  arithmatic  base  is  sixteen 


Another  useful  routine  reads  four  hexadecimal  numbers  typed  on 
the  system  teletypewriter  and  places  them  into  the  microprocessor's 
index  register.  At  the  point  in  code  where  one  wishes  to  read  the 
information,  place  the  instruction: 

JSR  $E047. 

The  next  instructions  can  assume  the  read  values  are  in  the  index 
register.  This  routine  destroys  the  previous  contents  of  the  two 
accumulators  as  well  as  the  index  register.  Provision  may  be  made  to 
save  and  restore  the  accumulators'  previous  contents  if  desired.  If 
the  characters  entered  are  not  hexadecimal  (not  0-9  or  A-F)  then  con- 
trol is  transferred  to  the  MIKBUG  command  loop. 

To  input  a byte  (2  hexadecimal  characters)  into  accumulator  A, 
one  should  enter  the  following  code: 

JSR  $E055. 

The  next  instruction  may  assume  the  accumulator  now  has  the  inputted 
value.  As  with  the  previous  routine,  entry  of  illegal  characters 
causes  program  control  to  be  transferred  to  MIKBUG.  The  routine  de- 
stroys the  contents  of  the  B accumulator  as  well  as  the  A accumulator's 
contents. 

Next,  to  output  a byte  to  the  control  teletypewriter,  one  may 
point  the  index  register  to  the  byte  and  jump  to  a MIKBUG  routine.  The 
following  code  accomplishes  this: 

LDX  Address  of  Byte  to  be  output 

JSR  $E0BF. 

The  addressing  mode  of  the  load  index  register  command  will  usually  be 
"immediate".  The  routine  does  not  affect  the  B accumulator,  destroys 
the  contents  of  the  A accumulator  and  causes  the  index  register  to 
contain  the  address  entered  plus  one  when  control  is  returned  to  the 
program  using  the  routine. 

A routine  to  output  one  byte  in  hexadecimal  followed  by  a space 
on  the  control  teletypewriter  can  be  entered  by  the  following  routine: 

LDX  Address  of  Byte 

JSR  $E0CA. 


The  registers  are  affected  in  the  same  manner  as  was  described  in  the 
preceding  paragraph.  An  extension  of  this  routine  is  to  print  two 
sequential  bytes  from  memory  followed  by  a space.  This  is  accomplished 
by  the  following  code: 

LDX  Address  of  first  byte 
JSR  $E0C8. 

The  index  register  will  contain  the  address  placed  in  it  plus  two  and 
all  other  registers  will  be  as  previously  described. 

To  output  a space  to  the  control  teletypewriter,  insert  the 
following  sequence  into  the  program: 

JSR  $E0CC. 

Only  the  contents  of  the  A accumulator  are  destroyed. 

The  previous  routines  do  the  conversion  from  the  American 
Standard  Code  for  Information  Interchange  (ASCII)  to  the  hexadecimal 
language  of  the  microprocessor  to  allow  for  ease  of  number  entry.  Some- 
times though,  one  wishes  to  input  and  output  characters  in  ASCII.  To 
facilitate  this  one  may  use: 

JSR  $E1AC 

to  input  an  ASCII  character  into  the  A accumulator.  No  other  registers 
are  disturbed.  To  output  an  ASCII  character  from  the  microcomputer  the 
user  may  utilize  the  following  code: 

LDA  A Character 
JSR  $E1D1 . 

The  addressing  mode  of  the  load  the  A accumulator  will  almost  always  be 
"immediate".  To  output  a string  of  ASCII  characters  from  memory  to 
the  control  teletypewriter  one  may  use  the  following: 

LDX  start  address  of  message 
JSR  $E07E. 

The  last  character  in  the  string  must  be  the  EOT  (end  of  transmission) 
signal  or  04  in  the  hexadecimal. 
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Once  one  has  assembled  the  microcomputer  and  become  familiar 
with  the  control  system's  commands  there  is  a need  for  a simple  program 
to  exercise  the  computer  and  the  I/O  hardware.  The  following  programs 
do  just  this.  The  first  program  inputs  a string  of  ASCII  characters 
to  memory  starting  at  the  address  contained  in  memory  locations  A070  and 
A071.  The  second  program  outputs  the  message  from  memory  to  the  tele- 
typewriter. Both  programs  are  written  in  subroutine  form  to  allow  for 
use  by  many  programs.  First,  the  Read  program: 

READ  LDX  $A070  START  OF  TEXT  IN  MEMORY  HERE 

LOOP  JSR  $E1AC  READ  ONE  ASCII  CHARACTER  ROUTINE 


STA  A 


CMP  A 


STORE  READ  CHAR  IN  MEMORY  POINTED  BY  X 
INCREMENT  X REGISTER 
WAS  EOT  ENTERED? 

BRANCH  FOR  NEXT  CHAR, NO  EOT 
RETURN  CALLING  PROGRAM,  EOT 


The  program  takes  14  bytes  in  memory  when  assembled. 
The  Write  program  looks  as  follows: 


\ * .. 


WRITE  LDX  $A070 

JSR  $E07E 


START  OF  TEXT 
PRINT  TEXT  STRING 


RETURN 
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This  program  takes  7 bytes  and  could  be  shortened  by  one  byte  by  replacing 
the  JSR  instruction  with  the  JMP  instruction  and  deleting  the  RTS.  This 
can  be  done  by  allowing  the  calling  routine  to  regain  control  after  the 
MIKBUG  routine  has  finished  outputting  the  character  string  rather  than 
waiting  one  more  return  from  subroutine  (RTS). 


In  order  to  communicate  with  the  LCSS  the  microcomputer  must 
convert  from  it's  character  set  ASCII  to  that  of  the  LCSS,  Fieldata. 

This  conversion  is  done  by  a table  look  up  method.  The  LCSS  also  ex- 
pects even  parity  so  the  microcomputer  generates  it  also  by  the  following 
program  written  in  assembly  language  where  the  character  in  the  A accumu- 
lator needs  parity  generated: 


EPARITY 

PSH 

B 

SAVE  USERS  B REGISTER 

ROL 

A 

IGNORE  B7 

CLR 

SCRATCH 

ZERO  SCRATCH  MEMORY 

LDA 

B #8 

SET  BIT  COUNTER 

PLOOP 

ROL 

A 

BNC 

NCARY 

INC 

SCRATCH 

COUNT  I'S 

DEC 

B 

COUNTER 

BNE 

PLOOP 

DO  8 BITS 

ROR 

SCRATCH 

ODD  IF  CARRY  SET 

BNC 

EVEN 

EVEN  PARITY  ALREADY 

ADD 

A 0$ 80 

MAKE  EVEN 

EVEN 

PUL 

B 

RESTORE  B 

RTS 

RETURN  TO  CALLING  PROGRAM 

SCRATCH 

RMB 

1 

An  attempt  to  create  a LCSS  monitor  program  was  made.  Connections 
were  made  to  the  LCSS  data  bus  and  appropriate  software  was  written. 

The  monitor  hardware  worked  successfully  except  that  the  LCSS  paper  tape 
reader  was  faster  than  the  TTY  I/O  unit  available  to  the  microcomputer. 
This  meant  that  more  information  was  coming  into  the  system  than  could 
be  output  due  to  the  output  device's  speed.  The  microcomputer  needs  to 
have  a parallel  terminal  for  monitoring  the  LCSS  capable  of  receiving 
approximately  600  bytes  per  second  or  a serial  device  capable  of  9600 
band.  The  microcomputer  was  proven  to  work  correctly  in  this  application 
by  allowing  it  to  store  the  backlog  to  queue  it  to  the  output  device  as 


it  became  ready  and  by  starting  and  stopping  the  LCSS  tape  reader  to 
avoid  overflowing  the  buffer.  In  this  way,  the  microcomputer  was  shown 
to  have  sufficient  speed  to  capture  the  data  and  do  a Field  data  to 
ASCII  conversion  and  the  proper  buffering.  Upon  acquisition  of  the 
proper  output  device  the  monitoring  software  will  perform  the  monitor 
function.  The  monitor  written  assumes  a serial  device  connected  to  the 
ACIA  addressed  at  8010-8011.  To  use  a parallel  monitor  only  the  driver 
for  the  monitor  need  be  changed  (routine  MONWRT) . The  routine  assumes 
that  the  control  console  talks  to  MIKBUG. 


MONITOR  SOFTWARE 
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0 

i: 

o 

ii 

0 

D 

0 


ACIACR 

EQU 

$8010 

PIAIN 

EQU 

$8008 

FLDASC 

EQU 

$0196 

MONITR 

LDX 

//MON  IRQ 

STX 

$A000 

SET  UP  IRQ 

LDX 

//O 

INITIALIZE  X,B 

CLR 

B 

CLR 

PIANI+1 

INITIALIZE 

CLR 

PIAIN 

LCSS  INTERFACE 

LDA 

A 

//  9 

TTY  MONITOR 

USE  $H  FOR 

HIGH  SPEED  UNIT 

STA 

A 

ACIACR 

SEI 

LDA 

A 

#5 

STA 

A 

PIAIN+1 

SET  IRQ 

CLI 

ALLOW  IRQ 

ML00P1 

TST 

B 

QUEUE  EMPTY? 

BEQ 

MLOOP1 

YES 

LDA 

A 

0,X 

NO, OUTPUT 

JSR 

FLDASC 

CONVERT 

JSR 

MONWRT 

OUTPUT 

SEI 

BUFFER  HOUSEKEEP 

INX 

CPX 

$0100 

bne 

CONT 

LDX 

//OOOO 

MAKE  CIRCULAR 
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CONT 

DEC 

B 

ONE  LESS  IN  QUEUE 

CLI 

BRA 

MLOOP1 

MONWRT 

PSH 

A 

RLOOP 

LDA 

A 

ACIACR 

CHECK  STATUS 

ASR 

A 

ASR 

A 

BCC 

RLOOP 

NOT  READY 

PUL 

A 

READY 

STA 

A 

ACIACR+1 

OUTPUT 

RTS 

MON IRQ 

LDA 

A 

PIAIN 

GET  DATA 

TSX 

GET  X-REG 

LDX 

3,X 

STX 

SCRAT 

ADA 

B 

SCRAT+1 

LSB'S 

STA 

B 

SCRAT+1 

COMPUT  NEXT  ADDRESS 

LDX 

SCRAT 

IN  QUEUE 

STA 

A 

0,X 

TSX 

GET  SP 

INC 

1,X 

ONE  MORE  IN  QUEUE 

BUS 

MONBUP 

QUEUE  OVERFLOW 

RTI 

MON  B UP 

LDX 

//TEXT 

MLOOP3 

LDA 

A 

X 

CMP 

A 

H 

EOF? 

BEQ 

TTYOUT 

YES 

JSR 

MONWRT 

OUTPUT  1 CHAR 

1NX 

BRA 

MLOOP3 

TTYOUT 

LDX 

//TEXT 

JSR 

$E07E 

PRINT  USING  MIKBUG 

JMP 

$EOE3 

MIKBUG  CONTROL 

TEXT 

FCB 

$D,$4,,,0 

ECC 

/BUFFER  CAPACITY  EXCEEDED./ 

FCB 

04 

END 
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GBUG  - A NEW  OPERATING  SYSTEM 

As  was  mentioned  previously,  the  Motorola  operating  system  MIKBUG 
lacks  several  features.  For  this  reason  a new  operating  system,  GBUG, 
was  designed.  In  addition  to  the  features  provided  by  MIKBUG,  GBUG  has 
commands  to  accomplish  a block  transfer,  display  memory,  punch  an  end- 
of-file  symbol  on  the  paper  tape,  reset  the  system,  and  rewind  the 
paper  tape  drive.  GBUG  was  specifically  written  for  devices  on  location 
at  UAH  which  are  quite  similar  to  the  devices  in  use  with  the  LCSS . The 
commands  for  GBUG  are  designed  to  be  more  easily  explained  to  the  inex- 
perienced thus  shortening  the  learning  curve.  The  GBUG  operating  system 
is  presently  working  in  read  write  memory  of  the  microcomputer  system. 

In  the  future,  GBUG  along  with  other  support  software  should  be  placed 
in  read  only  memory. 

GBUG  is  an  attempt  at  modular  coding.  It  was  written  so  that 
every  possible  routine  is  available  to  the  user  for  his  program's  use. 

In  this  way,  routines  such  as  the  I/O  (input/output ) programs  need  not 
be  rewritten  from  one  test  tape  to  another.  GBUG  in  it's  present  form 
recognizes  the  four  different  logical  devices  of  a computer  system: 
the  reader,  the  punch,  the  list,  and  the  console.  GBUG  commands  are 
only  accepted  from  the  console.  In  Version  1.0  of  GBUG,  there  are 
two  different  assignments  of  actual  devices  to  logical  devices.  The 
first  assignment,  which  is  the  manner  in  which  GBUG  initializes  is  for 
each  logical  device  to  be  the  TTY  connected  to  the  Serial  Interface 
(ACIA)  at  address  8010  and  8011.  In  other  words,  the  initial  state 
of  GBUG  utilizes  the  TTY  as  it's  only  I/O  device.  To  command  GBUG  to 
the  other  assignment,  the  "A"  command  is  used.  (To  be  described  in 
detail  later.)  In  this  alternate  device  assignment,  the  high  speed 
paper  tape  reader  is  the  reader,  the  TTY  is  the  punch  and  list  device 
and  the  console  input  is  the  TTY  keyboard  while  the  console  output  is 
a parallel  monitor.  Different  versions  of  GBUG  may  be  generated  to 
allow  for  different  assignments  without  any  major  changes  in  the  overall 
software.  Figures  9 and  10  show  some  of  the  I/O  equipment  used  with 
GBUG  1.0. 
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Figure  9.  Video  Display  Controller 
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The  commands  for  GBUG  are  as  follows:  A,  B,  D,  E,  G,  L,  M,  N,  P, 

R,  W,  X and  ' . ' . 

The  "A"  command  is  simply  given  by  typing  A followed  by  a 
carriage  return.  This  command  assigns  the  alternate  device  set.  If 
the  command  is  repeated,  the  system  is  as  if  no  command  were  given. 

The  "B"  command  instructs  the  computer  to  transfer  a block  of 
memory  from  one  spot  to  another.  It  is  of  the  form: 

B<START>,<STOP>,<TO>  >L 

where  the  i denotes  the  carriage  return.  Each  field  can  be  thought 
to  consist  of  four  hexadecimal  digits.  Leading  zero's  need  not  be 
entered  and  if  more  than  four  digits  are  entered  the  last  four  are 
used.  To  illustrate  this  command,  the  following  command  transfers 
memory  between  location  0400  and  0800  (inclusive)  to  a block  of  memory 
starting  at  0000: 

B400.FF0800,  * 

Note  that  if  0 is  the  address  to  be  used  only  the  proper  delimeter 
(,  or  ji)  need  be  entered.  This  command  errs  out  if  three  arguments 
are  not  entered  (E  04)  or  a non-hex  character  is  entered  in  (E  02), 
except  of  course  the  or  ' g.' . 

The  'D'  command  displays  the  contents  of  memory  in  readable 
form.  The  form  of  the  command  is: 

D<START> , <ST0P>  i . 

If  the  second  argument  or  its  delimeter  is  not  entered  only  one  byte 
is  displayed.  For  example, 

D4  / 

causes  a print  out  of  the  address  0004  and  it's  contents.  Likewise, 

D4 , OOF 

causes  a display  of  the  address  0004  and  the  contents  of  memory  locations 
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0004  through  000F.  For  readability  reasons,  the  command  formats  16 
bytes  to  a line  and  prints  the  address  of  the  byte  which  starts  each 
line.  If  a non-hex  character  is  entered  an  E02  condition  exists  and 
is  so  flagged. 

The  'E'  command  punches  an  end  of  file  mark  and  trailer  on  a paper 
tape  which  signals  the  end  of  a load  for  GBUG,  MIKBUG  or  other  Motorola 
software . 

The  ’G'  command  is  used  as  a "GO  TO"  user  program  command.  It 
has  the  form: 


G<ADDRESS>  i 


The  address  is  evaluated  the  same  way  as  parameters  for  the  block 
transfer  command. 


G100  i 


causes  program  execution  to  begin  at  address  0100  with  the  registers 
having  the  contents  of  what  ever  they  were  prior  to  entering  the 
operating  system.  On  start  up,  their  contents  are  undefined.  To  define 
or  examine  the  registers,  the  'X'  command  is  used.  If  a non-hex 
character  is  entered,  an  E 02  signal  flags  the  operator  and  outputs 
another  prompting  signal  (>).  Typing  G causes  program  execution  to 
begin  at  0000. 

To  load  a paper  tape  from  the  reader  use  the  'L'  command.  This 
command  works  exactly  like  the  L command  documented  in  Engineering  Note 
100  mentioned  before  except  that  the  TTY  if  it  is  the  reader  does  not 
print  a copy  of  the  tape  when  loading.  The  paper  tape  is  checked  by 
a checksum  for  each  record  and  an  error  E 03  exists  if  a checksum  erro*- 
exists  or  an  invalid  character  is  read.  If  an  error  exists,  the  tape 
may  be  rewound  to  the  start  of  the  record  and  re-read.  The  whole 
tape  need  not  be  re-read. 


The  GBUG  'M'  command  is  similar  to  the  MIKBUG  M command,  however 
they  have  significant  differences.  The  form  of  the  GBUG  command  is: 

M<ADDRESS>  j.  . 

This  causes  the  contents  of  the  memory  to  be  displayed  followed  by  a 
dash.  At  this  point,  the  operator  has  three  choices:  to  change  the 

contents,  not  change  the  contents  and  examine  the  next  byte,  or  not 
change  the  contents  and  return  to  the  command  loop.  To  change  the 
contents  one  types  the  two  character  representation  of  the  memory  the 
user  wishes  in  that  address.  If  a non-hex  character  is  entered  an  E 02 
is  typed  and  control  is  returned  to  the  command  loop  without  modifying 
the  memory.  The  write  to  memory  is  attempted  and  read  to  see  if  the 
correct  contents  were  written,  if  unsuccessful  an  E 05  is  typed  and 
control  returned  to  the  command  loop. 

If  the  change  was  successful,  the  next  address  in  memory  contents 
are  displayed  where  the  options  are  again  open  to  the  operator.  To 
merely  examine  the  next  byte  while  not  affecting  the  contents  of  the 
present  location,  simply  hit  the  space  bar  and  the  options  are  again 
open.  To  terminate  the  command  without  changing  memory  type  in  a 
carriage  return.  Control  is  then  returned  to  the  command  loop. 

To  produce  a leader,  hit  N on  the  console  keyboard  and  turn  on 
the  punch.  Sixty  nulls  are  then  output  to  the  punch.  This  command 
will  be  terminated  after  sixty  nulls  or  when  another  key  is  pressed. 

To  produce  longer  leaders  hit  N repeatedly. 

To  punch  a MIKBUG/GBUG  compatible  tape  file  use  the  P command. 

The  arguments  work  the  same  as  for  the  D command  except  two  arguments 
must  be  specified  or  an  E 04  condition  exists.  For  tape  formatting 
see  Engineering  Note  100  by  Motorola. 

To  reinitialize,  the  user's  stack  pointer,  and  verify  that  the 
GBUG  command  loop  is  still  in  control,  the  R command  may  be  used.  The 
command  causes  the  printing  of  the  command  program  (GBUG  1.0)  and  a 
prompting  symbol.  A carriage  return  is  not  necessary  for  this  command. 
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To  rewind  the  paper  tape  reader  (if  the  high  speed  unit  is  used) , 


the  W command  is  used. 


As  was  mentioned  before,  the  X command  may  be  used  to  examine 
and  modify  the  contents  of  the  registers  that  will  be  returned  to  the 
user's  program  by  the  G or  . commands.  The  X is  followed  by  either 
an  A,  B,  C,  X,  P,  or  S to  designate  the  A accumulator  B accumulator, 
condition  codes,  index  register,  program  counter  or  stack  pointer,  re- 
spectively. If  the  register  is  8 bits  wide,  (A,  B,  C)  the  user  may 
change  the  contents  by  typing  the  two  hex  characters  or  not  change 
the  contents  by  typing  a space  or  carriage  return.  When  the  register 
is  16  bits  wide,  the  operator  may  change,  not  change  or  exit  the  first 
byte  as  with  the  M command  and  the  second  byte  of  the  register  has 
the  same  options  as  the  8 bit  registers.  If  the  stack  pointer  is 


changed  it  will  cause  all  other  registers  to  be  changed  as  their 


location  in  memory  during  GBUG  operation  is  relative  to  the  user  stack 
pointer.  Therefore,  in  initializing  all  registers,  the  stack  pointer 
should  be  loaded  first.  It  is  suggested  that  either  A020  be  used  as 


the  initial  pointer  address  (as  GBUG  initializes  it)  or  somewhere  in 


the  user  RAM  below  to  avoid  conflict  with  the  RAM  that  GBUG  uses  in  its 


control  loops.  If  an  invalid  register  is  specified  or  a non-hex  change 
is  attempted,  an  error,  E 02,  is  produced. 

To  resume  operations  as  per  the  contents  of  the  registers  (as 
opposed  to  the  G command  which  alters  the  program  counter  use  the 
command.  This  enables  the  interrupt  feature  so  the  user  program  must 
disable  this  feature  if  it  is  not  desired.  He  may  also  delay  it's 
operation  by  use  of  the  SEI  (set  interrupt  mask)  command  in  his  code. 

The  verison  of  GBUG  that  is  placed  in  ROM  will  handle  the  inter- 


rupts that  are  generated  but  in  this  verison  GBUG  is  subservant  to 


MIKBUG  which  has  control  of  the  interrupts.  This  was  necessary  for 
debug  purposes. 

When  initialized,  the  GBUG  operating  system  types  ' *GBUG  1.0*' 
on  the  console  device  followed  by  the  printing  of  ’>'  as  a prompter. 
The  prompting  symbol  is  printed  whenever  GBUG  has  finished  the  command 


requested  of  it.  GBUG  allows  the  operator  to  interrupt  current  pro- 
cessing by  typing  any  character  on  the  console.  The  letter  punched 
will  be  considered  a GBUG  command  and  will  be  executed  if  possible. 
Illegal  commands  will  cause  the  E 01  flag  to  be  printed  on  the  console 
device.  The  interrupted  processing  may  be  returned  to  by  the 
command.  The  use  of  the  interrupt  feature  applies  to  any  GBUG  command 
which  does  not  expect  an  input  from  the  physical  device  identified 
logically  as  the  console  or  is  a short  closed  routine.  In  other  words, 
after  the  arguments  (if  any)  are  obtained,  console  interrupts  are 
allowed  on  the  G,  N,  W,  and  commands.  If  the  TTY  is  not  the  reader, 
then  the  L command  also  allows  for  an  interrupt.  If  the  user  wishes  to 
input  data  from  the  console,  he  should  first  disable  the  interrupt 
feature  by  jumping  to  the  DISINT  (disable  interrupt)  routine.  To 
renable  the  feature,  ENINT  may  be  used.  Documentation  on  these  routines 
and  other  routines  including  I/O  may  be  found  in  Appendix  B along  with 
the  listing  of  GBUG  1.0. 


RECOMMENDATIONS 


The  hardware  designed  for  the  prototype  system  is  complete  except 
for  two  features.  First,  data  bus  drivers  need  to  be  added  to  the 
system  should  more  than  the  present  number  of  devices  be  needed  in 
the  system.  This  would  best  be  done  on  a prototype  basis  by  the  creation 
of  a bus  compatible  extender  card  with  resident  drivers.  This  would 
allow  for  virtually  unlimited  system  expansion.  The  second  feature  need 
not  be  added  except  for  testing  purposes.  That  is  an  error  detection 
scheme  for  the  internal  microcomputer.  This  is  not  necessary  in  this 
level  prototype  model  but  would  probably  be  necessary  in  the  field  to 
insure  reliability. 

Software  recommendations  for  this  system  are  primarily  extensions 
of  the  work  done.  More  routines  need  to  be  added  to  ROM  as  the  commonly 
needed  LOSS  functions  are  identified.  Additionally,  current  mass 
storage  media  which  are  microcomputer  compatible  (such  as  the  floppy 
disk)  would  allow  for  storage  of  all  LOSS  programs  with  the  ability 
to  almost  instantly  recall  them.  This  would  require  an  extension  of 
the  current  operating  system  to  handle  the  I/O  for  the  unit. 


s.'u  .-V''  - 


ifl 


REFERENCES 

[1]  Application  Note  100,  Motorola  Semiconductor  Products, 
Box  20912,  Phoenix,  Arizona  85036. 

[2j  System  Reference  and  Data  Sheets,  Ibid. 

[j]  M6800  Microprocessor  Applications  Manual,  Ibid. 

[9]  M6800  Microprocessor  Programming  Manual,  Ibid. 


28 


■Ml 


MC6820 
PI  A 


Figure  A-4.  Random  Access  Memory  Circuit  Diagram 


Figure  A-5.  Read  Only  Memory  Circuit  Board 
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The  research  effort  has  progressed  in  four  parts: 

1.  Study  existing  and  projected  measurement  requirements 
of  the  LCSS  relative  to  a resident  microprocessor. 

Design  and  fabricate  a microprocessor  system  capable 
of  controlling  the  administrative  and  logic  functions 
of  the  LCSS. 

j.  Develop  corresponding  software  subroutines  to  support 
item  2 above. 

4.  Interface  the  microprocessor  and  perform  functional  testir..  . 


This  research  can  be  adequately  described  in  two  . ategora 

hardware  and  software.  The  hardware  portion  of  this  Report  relates 
that  effort  of  providing  diagrams,  descriptions,  and  prototype  models 
necessary  to  execute  the  program  as  specified  by  the  user.  The  soft- 
ware that  is  provided  compliments  the  hardware  and  provides  the  executi  n 
of  logic  and  arithmetic  functions  under  program  control.  These  large 
categories  will  be  discussed  in  detail. 
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